INTRODUCTION
This article studies the short ron behavior of input cost shares. In particular, we study how shares of normal1y considered variable inputs (materials and labor) can be affected by short run decisions of firms in the presence of exogenous demand shocks. And we argue that the shares' behavior will fol1ow a pattern closely related to the relative adjustment costs and possibility of substitution among the inputs. The problem is well motivated in practice, since cost shares are widely used in applied analysis (for example, for estimating elasticities of substitution between inputs or to measure elasticities of the output with respeet to the inputs). However, such applications can be quite misleading when shares' short-run behavior is not taken into account.
This work can be seen as an application in the tradition of temporary equilibrium models. Following Berndt and Fuss (1986a) , temporary equilibrium can be defined as "ocurring whenever the shadow value of any input and/or output differs from its market price". In production applications, authors begin by assuming that in the shortrun sorne inputs are variable and others are costly to adjust, and that firms will minimize shortrun variable costs, which may include sorne costs of adjustment. This is the approach fol1owed, for example, in Berndt and Fuss (1986b) , Morrison (1986) , Slade (1986) and Schankerman and Nadiri (1986) , to mention only a few.
The marginal products of the incompletely adjusted inputs will differ from their market rental prices. That is, they will have "shadow" prices or costs that will not be equal to the observed prices. Several procedures have been proposed to test for these situations, to retrieve or approximate the shadow prices, and to use them to properly compute the growth of productivity or the patterns of substitution among inputs.
In this paper, firstly, we build a theoretical framework to explain the relationships between short-run decisions and the observed cost shares in a technological environment where cost shares are independent from output in the long-runo We will assume that firrns minimize short-rWl costs conditional on the level of available capital, considering labor a factor cost1y to adjust and materials freely variable. The degree of adjustment turns out to be related to the degree of utilization of capacity, that is, to the ratio of the output to be produced to the potential output given the instal1ed capital. Labor will be "hoarded" in downturns to avoid incurring on high costs of adjustment, and therefore the marginal cost of labor will be low and al1 the available possibilities of substitution exploited.
Secondly, we develop an econometric model to simultaneously assess the degree of substitutability between labor and materials and the impact of capacity utilization from its influence on the marginal cost of labor in the relative shares. The model, which embodies a high1y non-linear unknown function of adjustment costs, is estimated using alternative parametric and semiparametric techniques.
Thirdly, we apply the framework to study the consequences of the short-: rWl shares' behavior on the nonparametric analysis of productivity. We argue that short-rWl behavior can imply mismeasurement of the elasticities when conventional measures are used. We compare in theory and practice the Solow residuals computed with the observed shares, corrected shares, and also, to check a common practice, value added shares.
We use a micropanel of more than 700 Spanish manufacturing firrns, observed during a five-year period (1990) (1991) (1992) (1993) (1994) ) that has something of a "natural experiment."
The period was characterized by the development of a strong recession that peaked in 1993, followed by one year of recovery as shown in Figure 1 . The firrns' data allow us to compute rather precisely the materials, labor and capital changes and cost shares and, Wllike other industrial panels, the use of individual price change indexes and capacity utilization assessments.
FIGURE 1 ABOUT HERE
We find a series of interesting empirical results. Gn the one hand, we find strong evidence in short-rWl adjustments, and the estimated adjustment cost funtions show plausible values and a nice convex shape. However, the consideration of the adjustment costs does not seriously aifect the estimates of the elasticities of substitution between labor and materials, for which we obtain values that are comparable to the scarce existing evidence (see Hamermesh 1993) . But, when the estimated marginal costs of labor are used to correct the observed input cost shares, we find strong evidence of biases in the conventionally-computed productivity growth measures.
We conclude that the (observed shares) Solow residual can understate productivity growth in downturns and overstate it in recoveries, and that the true (production) productivity growth is badly approximated by the value-added measurements. The 
THEORETICAL FRAMEWORK
Assume a firm that rninirnizes its variable costs conditional on the installed capital, with materials and labor as inputs. Materials are freely variable but labor is subject to adjustment costs. That is, the short-run behavior of the firm can be seen as (1) where L and M represent respectively the quantities of labor and materials, w and p their market prices, and K* stands for the disposable capital. F(.) is the production function, AC(.) gives the (proportional) adjustment costs of labor when the firm deviates from L*, the optimal labor demand given capital and market prices. Notice that, with fixed capital and no constraints on production, the firm would produce the optimal output level given capital and the market prices of labor and materials, Q* = Q(w,p, K*). So, demand for materials and labor would be
The adjustment costs function sumrnarizes all the factors that can increase the unit cost of labor when the labor input is outside its equilibrium level L* given capital. We assume that AC (O) = O, and
Our specification of adjustment costs ~ not the standard one, in which changes in the labor input, instead of proportional deviations from equilibrium, are considered the argument of the adjustment cost function. It is aimed at picking up the short-run adjustment costs and admits at least three different interpretations. Firstly, firms can be simply assumed to adjust labor without friction from period to period to its long-run desired demand L* (according to the changes in capital) and take the adjustment costs as the intraperiod costs of deviating from the latter equilibrium reached. This interpretation is in the spirit of the standard specification. Secondly, adjustment costs can alternatively be seen as the costs of not adjusting labor to the planned long-run values. These costs can mostly be understood as sternming from the short-run productivity losses of maintaining a size of the labour force different from that planned for the available capital. Thirdly, our specification can be taken as an approximation of the fully dynamic adjustment costs derived from unexpected and transitory shocks affecting firms involved (or not) along long-run paths of adjustment.
Firms for which L* is the current long-run objective, subject to unexpected shocks that they take as transitory, if they bear high costs of adjusting permanent workers and possess other dimensions of the labor input available to be adjusted (hours, effort, temporary workers... ), are likely to carry out almost the entire adjustment inside the affected periodo Hamermesh (1993) mentions this result referred to working hours. In Appendix A we develop a simple model in which the labor input consists of workers and hours, we provide an explanation of the likely content of adjustment costs under the two first interpretations, and we formally show Hamermesh resulto Suppose that F is homothetic and, at the same time, weakly homotheticaHy separable in the variable inputs. That is, F is homothetic and can also be written
is a homothetic subfunction -see, for example, Chambers (1988) -. These two assumptions together imply that F can be written as
where G is linear homogeneous. The assumption ofhomotheticity imply that, in long-run equilibrium, all the inputjouput ratios and the cost shares 4 would be independent of the output level l . Given these assumptions we have
and the short-run objective of the firm can be written as
where y represents the level of the intermediate aggregated input (a mix of labor and materials) associated to the production of Q given K*.
where l = In f., W¡ = weAC(ln¡) is the cost of unit of labor and Z¡ = (1 + AC'(lnl))
represents the ratio of the marginal cost of labor to its unit costo Interestingly
Given the homotheticity of f(.), (3) can be rewritten as
where w is an abbreviation for the relative marginal cost, that is, the ratio of the price of materials to the marginal cost of labor, and 8v (w) j8w < O. 1 Homotheticity is a critical assumption for the derivation of the model and for identification in the empirical exercise. We will derive reasons for input shares to change in the presence of homotheticity.
Alternatively, shares' movemements could be attributed to the non-homotheticity of the production function. However, this has never been considered too realistic. Virtually any empirical study on factor substitution with flexible functional forms, the only type that does not impose this restriction, assumes it from the beginning (see for example the list of selected studies in Chung (1994), Table   12 .1). In fact, our exercise stresses a phenomenon that could be taken erroneously as an effect of the non-homotheticity of the underlying function.
Equation ( In generallnu can be seen as approximately proportional to In §. and, in the empirical exercise, we will use this fact to replace u with the utilization of capacity in terms of output.
Since w is a function of the labor adjustment costs, (5) 
where t is the scale elasticity of f (.), cM the elasticity of output with respect to materials, a the elasticity of substitution between materials and labor, and
) is a measure of the slope and curvature of the adjustment costs ftrnction. The elasticity of M / L with respect to the utilization capacity is obtained, using (4) and (6), as
Expression (7) (6) and (7) make clear that if a > Oand there are sorne adjustment costs, we can expect labor in the downturns to be "hoarded" to save costs, using all the available possibilities to substitute materials by labor-intensive processes. This seems in agreement with cornmon sense and casual observation.
A MODEL FOR COST SHARES
Let 3 m be the observed cost share of materials. Also define the relative share of materials as m = 3 m / (1 -3 m ) . We can write
Wl Wt WtZt
The last equality provides an expression for the relative share in terms of the ratios of the marginal cost of labor to its unit cost (Zt), the relative marginal costs (w) and the ratio of materials to labor as a function of these costs (v (w)). When Zt = 1 (Le.
, the aboye expression collapses to the conventional explanation of costs shares in terms of market prices m = W*V (w*). (9) can be approximated, in discrete terrns, by The model to be estimated can also be written as
where
is an unknown function, and éit is a disturbance term that we will assurne uncorrelated with the explanatory variables.
Estimators of models like (11) have been proposed by Robinson (1988) value, which will be called the "nonsmoothing" estimator, can be employed as an estimator of the conditional expectation. For the sake of comparison, we will use (3 estimates based on kernel estimates and "nonsmoothing" estimates of the conditional expectations in (12) .
Since the unknown function 0(.) depends on only one argument, we can also approximate it by sorne polynomial expansion, e.g. a three-order Taylor expansion of the type (13) and ( Our subsample consists of the set of firms for which the data required in this exercise were available.
The data richness is very unusual. On one hand, firms report overall materials and labor costs, an estimate of the average yearly change in the price of the materials that they buy, and the data needed to compute total effective hours of work (normal hours+overtime-Iost hours). From this data we compute the materials and labor cost shares and the change in the relative unit costs of materials to labor. Firms also supply an assessment of their average utilization of the installed capacity during the year. On the other hand, from the accounting figures on assets we can compute the firm's capital (in equipment, excluding building), and from individual information on the interest rates payed by financing, we are able to estimate individual user's costs of capital. In estimations, we split the sample in 10 industry subsamples to take into account the industries' heterogeneity (see below).
Finally, the period under study is also somewhat exceptional, providing an interesting "natural experiment". Our sample data range from the end of a boom to the beginning of a new recovery, including a sharp downturn (see Table 1 and Figure   1 ). By the years 1990 and 1991 production became stagnant, though investment and capital were increasing at high rates until the latest year. The utilization of capacity already decreased this year, and production and used capacity fell sharply during the following two years, 1992 and 1993. In 1994 it started a strong recovery that affected production and the used capacity.
TABLE 1 ABOUT HERE
All this shows a strong impact on the cost shares of the inputs (see Table 1 and inputs, while the accumulation of capacity is simply lessened. But the adjustment seems to affect materials and labor differently, as expected. As long as the relative market price of materials to labor is also changing during the period (see Table 1 ), the impact of the adjustment on the materials-Iabor ratio cannot be disentangled and assessed straightfowardIy. Unfortunately, there is not to our knowledge, a similar industries estimation to compare our ranking of elasticies of substitution, and it is difficult to say anything on a priori grounds. However, it can be checked below that our results on elasticities of substitution are consistent with the results on adjustment costs.
The sirnilarity between the several /3 estimates among the different estimation procedures suggests that the parametric specification of 0(.) is correct. In Figure 3 we report plots of the function O (In u), and of the integral of this function, which provides an estímate of (1 -/3) AC(ln u) based on its polynomial specification. In aH sectors the estimates of the adjustment cost function (escaled by the factor 1 -/3),
show the right slope and curvature. The estimates also seem to confirm that the capacity utilization reported by firms is really a properly scaled measure of the use of their installations, the fact that we do not observe values aboye 1 probably being the consequence of the specificity of the period covered.
FIGURE 3 ABOUT HERE
The estimated adjustment costs function, and hence the impact of these costs on the input shares, is significant in 7 of the 10 sectors. Two of the three exceptions coincide with the sectors with the lowest elasticities of substitution (Paper products and Non-metallic minerals), as could be expected given the theoretical conditions developed in section 2. The third sector (Food, beverages and tobacco) constitutes a surprise, because it is a sector with a high elasticity of substitution. Perhaps this can be rationalized by noticing that it has been always considered a sector with low adjustment costs. When the function is significant (and also for two of the three exceptions), the estimated marginal cost always has the correct sign and the integral of the function has a nice convex shape with slight exceptions at sorne extreme values (see Figure 3) .
In addition, when we value the adjustment costs using the integral of the estimated function and the elasticity of substitution estimates, we obtain sensible values that agree with casual knowledge. Recall that, given our adjustment cost function specification, adjustment costs can be read as measured in percentage points of the standard wage bill. Therefore, adjustment costs for a given u value, 0.5 say, can be simply obtained by dividing the corresponding ordinate in the second column of Figure 3 by the elasticity of substitution of the sector. With capacity utilization at 50%, the adjustment cost of the 7 sectors with significant polynomials range from 6% to 19% of the wage bill. Timber and furniture, and Textile and clotlúng, are the sectors with lowest costs (6% and 10% respectively); Industrial and agricultural maclúnery, and Office maclúnes and electrical and electronical goods are the sectors with the lúghest (16% and 19% respectively).
AN APPLICATION TO PRODUCTIVITY ANALYSIS
Production shares have been used since Solow (1957) in the non-parametric analysis of productivity growth based on the fact that, under perfect competition and constant returns to scale, input shares in output and cost coincide and must be equal to the output production elasticities. Under market power, input shares in output and cost shares do not coincide anymore, but the cost shares remain equal to the elasticities and, if the returns to scale are not constant, these cost shares must simply be multiplied by the elasticity of scale (see e.g. Hall 1990 ). However, the use of observed cost shares is based on the assumption that firms are in a long-mn equilibrium. If demand is subject to exogenous shocks, and sorne of the inputs are costly to adjust in the short mn, the observed input shares are no longer an adequate measure of the output elasticities of the inputs.
Let us define a firm's production function similar to the one used in (1) 
That is, the observed variable input cost shares Si corrected by a scale factor are a proper measure of the elasticities, which is robust to the type of competition.
In a context where adjustment costs are present, >..g:, = WiZi #-Wi, where Wi is the unit cost of the i-th input and Zi represents the ratio of its marginal cost to the unit costo Hence, the observed input cost shares will not be a good measure of the elasticities.
Let us examine the relevant costs and shares, the bias induced by the observed shares, and its possible correction, in a framework wlúch generalizes the model in Section 2. Suppose that the firm minimizes the cost of the set of costly variable inputs X given the quantity of the fixed input K*. That is 3We include the changes in the fixed factor K to account for the displacements of the long-run equilibrium.
Min 'tw, X, exp { AG, (In ~; )} s.t. F(X, K') ~ Q (15) where Xi is the optimallevel of the i-th input given K* and market prices, and the adjustment cost AC i (.) are supposedly input specific.
From the first order conditions of the aboye problem we obtain éi = éSi, where 
where sM is the share of materials in total costs and 7f represents the ratio of pure profit to value-added (this is the generalization of a formula in Hall (1990) , page 79).
Therefore, the residual computed from value-added data can be abad approximation of the true productivity growth, especially in the presence of a varying ratio of materials to the rest of the inputs.
To assess the practical importance of the biases, we have computed the SI conventional (observed cost shares) Solow residual, the true S (corrected cost shares)
residual, and the 8 2 value-added residual, using the data on materials, labor and capital, for our whole sample. However, to make the alternatives fully comparable, we have dropped from the sample 33 firms with negative value-added in sorne year (value-added calculations are meaningless in this circumstance).
The underIying production function is always assumed linearIy homogeneous and the elasticity of capital is approximated by its current share in total costs. Therefore, the estimation of € = (1 -Ek) corresponds to the current joint share of labor and materials in total costs. Several alternatives were tried but, given the low weight of the capital share, they virtually did not change the results.
In computations we use the usual Torquinst-Divisia approximation for discrete changes, which averages the observed shares of the years from which we measure the change. To ensure the exact accomplishment of formula (16) in this context, we have computed a somewhat special Divisia value-added index that uses Torquinst-type weights of the real output and materials changes 4 . We use the corresponding ratio of value-added to production, " to scale the value-added residual to make it fully comparable in dimension to the other residuals.
4We use the formula 9t = G t _/ G qt -RJ;:l +G t XMt where G = value-added, R = total rever-
The correction of the shares to compute S is based on the estimation of Z¡ as z¡ = 1 + O:l",ln u (see equation (11)). More complex estimations, taking into account 1-{3 the whole polinomials, gave very similar results. Table 3 reports the simple averages of the computed indices for every year and for the total sample, for the quartils according to the distribution of capacity utilization in 1993, and for two selected sectors (Industrial and agricultural machinery and Transport equipment).
As can be seen from the table, the conventional Solow residual tends to understate the true productivity change in the downturn (1993) and overstate it in the upturn (1994). This is as expected, but the average bias is not too big. However, the bias in productivity growth measurement is very important for the firms with acute underutilization of capacity and the selected sectors.
The value-added Solow residual turns out to be more unpredictable, presenting rather important differences with S in almost every year and subsample. But it shows a systematic understatement of the productivity increase in the downturn, which is independent of the subsample considered, with an average bias bigger than that attributable to the conventional production residual.
CONCLUSIONS.
The data analyzed, corresponding to firms immersed in a period of acute recession followed by one year of recovery in Spanish manufacturing, provides strong support for a model of short-run adjustments, with materials taken as an input that can be adjusted freely and labor as an input cost1y to adjust, minimizing short-run costs conditional on the installed capital. Modelling the input cost shares, we have found evidence of significant elasticities of substitution between materials and labor and, at the same time, convex cost of adjusting labor out of its equilibrium level given capital, which can explain the fiuctuations in cost shares related with the capacity utilization.
As a result, we have obtained estimates of the marginal cost or the shadow price oí labor, which is the right price to assess the true elasticities oí the output with respect to the variable inputs in a situation where the observed input shares in cost are misleading. The use oí the shadow price estirnates íor correcting the input shares in cost and the cornparison oí the alternative productivity rneasures have provided relevant ernpirical insights. Conventional cornputations oí productivity growth turn out to be prone to understate it in the downturns and overstate it in the upturns.
In addition, value-added based rneasures have been shown to give seriously biased results.
On the other hand, while the estirnation oí the elasticities oí substitution has proved to be relatively robust to the control by the utilization oí capacity, it seems clear that a source oí cyclical short-run rnovernents on shares has been detected. This casts sorne doubts on the right interpretation oí the output effects obtained in the share equations ofien used to estirnate the parameters oí translog production íunctions, when applied to short-run observations without any correction íor capacity utilization. In our view, these are consequences that deserve íuture research.
APPENDIXA LABOR ADJUSTMENT COSTS
For the sake of simplicity, in what follows we will develop a model with working hours and workers in quadratic terms. Similar models can be found, for example, in Nickell (1986) or Bils (1987) . See also Hamermesh and Pfarm (1996) for a recent survey on adjustment costs.
Assume that the labor input consists of the total hours of work according to the relationship L = hesN, where h represents normal hours of work, s the proportional deviation of effective hours oí work from the normal hours and N the number of workers. We will consider normal hours of work exogenously determined, and deviations are understood as measuring changes in "efficiency" hours. That is, the time of work may be either actually reduced or simply show a loss of intensity through a decrease in effort. Given capital and prices, there is an equilibrium number of workers that we will denote by N", corresponding to the equilibrium level of the labor input L* = fiN*.
The wage rate for the normal hour of work is w but the proportional deviation of effective hours of work will imply a non-proportional deviation of the cost per worker, wh, according to the relationship wh exp {s + bs 2 /2} . This can be interpreted as the result of the eventual application of compulsory part-time work schemes, the operation of premium schedules for work-intensity and overtime, etc. At the same time, changes in employment willlead to costs. Assume, for the moment, that the change in employment is intraperiod. Thus, we will specify the costs or firing (N" -N) workers, and then hiring the same number again, as exp {e (In N/N .. )2 /2} . Assume now that firms make their decisions on the employees-hours rnix, mini- Assume that a firm is producing at equilibrium, l.e. the input quantity is L* and employrnent N*, and suddenly experiences at time t a fall in the input and employrnent requirements of LO and NO. The firm expects this new situation will last for k periods, and that in period t + k the input and employment requirements will again be L* and N*. Using (17) it is easy to check that employrnent at t will be adjusted to the value
if, for simplicity, we consider k = 1. The deviation at time t from normal hours will then be (19) In the following periods, employment will be given by (20) and the deviation from normal hours, given that the input requirements are already the equilibrium levels, will simply be
From formulas (18) to (21) it is dear that the adjustment will more or less affect the employment according to the value of A (employrnent will be less adjusted the higher A is, i.e., the higher the relative firing and hiring costs are). But only changes in empioyment are going to persisto Therefore, as the formulas and Figure 4 make clear, if A is high enough and shocks are transitory, the adjustment costs function used in (1) can be a good approximation to the adjustment costs derived from a fuli dynamic probiem.
23 The numbers in brackets are t-ratios computed from a robust estimator of the variance matrix that takes into account the correlation over time of the individuals' residuals.
The numbers in braces are the p-values of the joint significance of the coefficients of the polynomials.
I
The bandwidth chosen for the Kernel estimates are h ~cn-; for c=O.5, 1 and 2. -0,38
Biases in productivitv growth measurement
Notes to Table 3: U represents capacity utilization in The first colurnn graphs the values of the function e(1nu), estimated with a cubic polynomial, against u. The second column graphs the integral of the function against u.
Sector 10 is excluded because the obtained estimates are meaningless. 
